Introduction
Recently, we have seen an unprecedented amount of data collected, stored and communicated within organizations and over the web. This data explosion has drawn attention to big data utilizations and analytics, and raised academic interest in the social transformation that will result from the use and application of big data. Big data is generally considered linkable information, with a large data volume and complex data structures (Khoury and Ioannidis, 2014) . Examples include social media data, mobile phone call records, commercial website data, volunteering geographical information, search engine data, smart card data, and taxi trajectory data (Liu et al., 2016) .
One of the most significant applications of big data utilizations is supporting various organizations and groups seeking to understand social changes and make predictions. In this study, we analyzed the trends in the development of research related to the analysis of web search engine data, which has been a leading example of the utilization and application of big data. Our goal was to better understand the directions in which the use and application of big data shall develop hereafter and identify any foreseeable challenges.
To analyze how search engine data has contributed to various areas of research, we referenced other previous studies that utilized Google Trends. Google Trends is a public website that belongs to Google Inc. and offers data based on Google Search that shows how frequently a particular search term is entered in comparison with all other search terms in different regions and languages (Google, 2017) . It has been ten years since Google Trends was launched in 2006. While its service is limited to providing simple data on Google Search usage, it is a significant source since some estimate that searches on Google Trends reached 2 trillion in 2016 (Sullivan, 2016) . It would be fair to state that Ginsberg et al. (2009) opened the door for the use of Google Trends in research studies. Their research published in Nature demonstrated that Google Trends traced and predicted the spread of influenza earlier than the Centers for Disease Control and Prevention (CDC) (Ginsberg et al., 2009) .
In this study, we analyze the research papers that cited Google Trends or were otherwise influenced by Google Trends since the company made this source of data available in 2006 and review the areas of progress achieved in these papers. This outlook on the development of research using Google Trends will shed light on how the utilization and application of big data has opened new opportunities for analysis. Google Trends is already used in a wide range of areas, but it has been difficult to obtain an overarching review of this usage. We believe this study on the use of Google Trends, as an example of big data sources or their utilization, will have significant implications both academically and practically. We hope our findings will contribute to the theoretical developments in the use and application of big data by overseeing and clustering studies relating to Google Trends. Our more practical goal is to create new values in diverse areas through Google Trends by clarifying its potentials and limitations and promoting a better understanding of its characteristics.
Within the body of literature that cites Google Trends, our study focuses particularly on research papers. In regards to the technological life cycle and the trend of developments in related literature, in general, paper publications have a strong tendency to precede patents, while patents have the characteristic of being temporally closer to commercialization (Daim et al., 2005; Martin and Daim, 2007; Watts and Porter, 1997) . Considering these characteristics, we concluded that research activities related to Google Trends in the socio-technical system (paper publications) can be exhibited in the patents (Jun, 2012a), and we conducted a simplified comparison by adopting the patents as a proxy indicator for the socio-technical impact of the papers.
This study used network analysis (or social network analysis, SNA) to analyze directions of research related to Google Trends. SNA is a research method for a system approach that visualizes the invisible flow in the network by identifying the types of interactions, correlations and roles among actors in the network (Scott, 2012) . In general, simple meta-analysis, such as the analysis of the frequency of keywords, can be used to examine the changes in research in specific areas, but in this approach, it remains difficult to learn how various issues are linked together. In addition, SNA provides further implications by allowing us to identify more specific and objective development patterns. In particular, we used SNA to perform clustering for identifying the academic disciplines in which the research using Google Trends was taking place and we also employed SNA to identify the areas that can be expected to play a key role in the structure of linkage between various fields or keywords.
With this goal in mind, Section 2 reviews theories and literatures relating to online search and Google Trends. Section 3 deals with research methodologies, explaining how we collected and analyzed research papers related to Google Trends. Section 4 introduces statistical data on relevant research papers and the outcome of the network and cluster analysis we performed on this data. In addition, to reinforce our clais regarding the development directions, we also provide the results of patent analysis and SNA. In Section 5, we take a closer look of each paper to analyze the trends of major research clusters. In Section 6, we propose some insights gained from reviewing the scope and development process of research studies relevant to Google Trends, in regards to big data utilizations and applications.
Theoretical background and prior research
There are several reasons why Google Trends has become such a popular source for big data research and applications. First, Google Search provides an excellent platform for observing consumers' information seeking activities. It offers instant reflection of the needs, wants, demands and interests of its users. Second, Google Trends is easy to use because Google not only collects data but also provides a variety of options for comparison (Jun et al., 2014a) . In this light, this section considers two major theories about information seeking, through Google searches. The section first highlights the characteristics of information seeking for purchasing decisions in marketing and business context and then for technology adoption in the economy or in the context of technological innovation. Even prior to the launch of Google Trends, in fact, there had been a lot of preceding research which utilized the search information in the fields of economics or technological innovation. It is important to understand this context (Ettredge et al., 2005; Moe, 2003; Zimmer et al., 2007) . Next, we introduce Google Trends, which offers extensive statistics on search data, and briefly review earlier studies on Google Trends from the perspective of Google, Inc.
Consumer search behavior and consumer adoption model
Naturally, consumers act to maximize their satisfaction by reducing any uncertainties, be it psychological or financial, and avoid risks involved in the purchasing process. This prompts consumers to engage in information seeking behaviour, which these days often involves searching the web, thanks to the heightened Internet accessibility made possible by the rise of smartphones. A consumer's online search often leads to online product purchasing (Shim et al., 2001) . This positive correlation between one's willingness to search the web and to purchase a product online has been described thoroughly in To et al., (2007) .
The information seeking behaviour of consumers are often affected by the characteristics of the relevant product itself and those of the consumer who conducts the search. One's pre-existent knowledge plays an important role throughout the search process and eventually in the decision-making on whether or not to purchase a certain product (Raju et al., 1995) . In general, as a consumer's knowledge improves, so does one's information seeking activities. However, the correlation is valid only up to a certain point, as a consumer with sufficient knowledge would have little need to perform additional searches, resulting in a decrease in searching activities. A graph of the relations would be an inverse U-shape one, with the peak in the middle with a consumer with an intermediate level of knowledge engaging in searches more actively than those with higher or lower levels of knowledge (Bettman and Park, 1980; Rao and Sieben, 1992) . The type of the relevant product is another factor that affects a consumer's information seeking activities. Consumers tend to be more active when they associate higher level of risk with the product, as shown by Beatty and Smith (1987) . The same tendency is observed with products with higher price or higher involvement. Similarly, consumers rely more on searches when information is lacking on a specific product due to the novelty of its brand or the wide range of available products of the kind (Assael, 1992) .
The consumer adoption model in the field of technological innovation is central in explaining consumer behavior. Here, any goods, services or ideas are deemed as innovative if people perceive them as something new even if they have been around for a long time. As Rogers (2003), put it, diffusion of innovation is "the dissemination of a new idea generated by invention or creation among the final users or adopters." In this regard, the process of consumer adoption closely concerns an individual's line of thoughts from the initial perception of the innovation up to the point of final adoption. The process can be broken down to five stages: awareness, interest, evaluation, trial and adoption (Kotler and Keller, 2008) . This classification focuses on an individual's mental process, observing the process from the perspective of the consumers. On the other hand, the conventional approach has focused on the life cycle, assessing the process from the perspective of the producers. Online search, the subject of the current study, belongs to the Interest stage under Rogers' classification.
As we have seen, search is an act that accompanies purchase of a product or acceptance of innovation. Thus, statistics on search activities are good resources for monitoring, analyzing, and even predicting acceptance of a product or an innovative new technology by individuals or the society. Due to this possibility, before Google fully released its search data and before the publication by Ginsberg et al. (2009) , researchers had already conducted studies using data from search engines other than Google. Moe (2003) , who researched consumers' online information search activities, categorized such activities into browsing and searching according to the motivation and their outcome. Also,
